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Abstract of JP2000082867 
PROBLEM TO BE SOLVED: To enable a nitride 
semiconductor laser element to have a resonance surface 
nearly equal to a mirror surface by a method wherein the 
nitride semiconductor element Is cleaved making a certain 
plane of a gallium nitride serve as a cleaving plane to have 
a resonance lane like a mirror surface when the nitride 
semiconductor element formed on a gallium nitride 
substrate isolated from a sapphire substrate is cleaved. 
SOLUTION: A nitride semiconductor is laminated on a 
GaN substrate 1 , a ridge is provided In the nitride 
semiconductor so as to be parallel with the M plane of the 
GaN substrate 1 by etching a P-side contact layer 1 1 and 
a- P-side clad layer 10, the ridge is masked, and etching Is 
carried out in parallel with the ridge so as to make the 
surface of an N-side buffer layer 2 exposed. A p-electrode 
20 is formed on the surface of the ridge, an N electrode 22 
is formed on the exposed surface of the N-side buffer layer 
2, lastly a P pad electrode 21 is formed on the P electrode 
20 through the intermediary of an insulating film 30, and an 
N pad electrode 23 is formed on the N electrode 22 
through, the intermediary of the insulating film 30, whereby 
a wafer can be obtained. The wafer is cleaved at a plane A 
to make it serve as a resonance plane, a multilayered 
dielectric film composed of SI02 and T102 Is formed on 
both or either of the resonance planes, and a bar is cut In 
parallel with the ridge into laser chips. 
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(54) MANUFACTURE OF NITRIDE SEMICONDUCTOR LASER ELEMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To enable a nitride 
semiconductor laser element to have a resonance 
surface nearly equal to a mirror surface by a 
method wherein the nitride semiconductor 
element is cleaved making a certain plane of a 
gallium nitride serve as a cleaving plane to have a 
resonance lane like a mirror surface when the 
nitride semiconductor element formed on a 
gallium nitride substrate isolated from a sapphire 
+J$~ substrate is cleaved. 

SOLUTION: A nitride semiconductor is laminated 
on a GaN substrate 1, a ridge is provided in the 
nitride semiconductor so as to be parallel with the 
M plane of the GaN substrate 1 by etching a 
P-side contact layer 1 1 and a P-side clad layer 
10, the ridge is masked, and etching is carried out 
in parallel with the ridge so as to make the surface of an N-side buffer layer 2 exposed. A 
p-electrode 20 is formed on the surface of the ridge, an N electrode 22 is formed on the 
exposed surface of the N-side buffer layer 2, lastly a P pad electrode 21 is formed on the 
P electrode 20 through the intermediary of an insulating film 30, and an N pad electrode 
23 is formed on the N electrode 22 through, the intermediary of the insulating film 30, 
whereby a wafer can be obtained. The wafer is cleaved at a plane A to make it serve as a 
resonance plane, a multilayered dielectric film composed of Si02 and Ti02 is formed on 
both or either of the resonance planes, and a bar is cut in parallel with the ridge into laser 
chips. 
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[Claim(s)] 

[Claim l] It is [External Character l] about the substrate after carrying out the laminating 
of the structure of a laser component on the substrate which consists of a nitride 
semi-conductor. 
(112 0) 

( 2 T T 0 ) 

(12 10) 

(TT 2 0) 

(1110) 

(T 2 T 0 ) 

The manufacture approach of the nitride semiconductor laser component characterized by 
producing the optical resonance side of a semiconductor laser component by breaMng by 
field bearing of either of the fields. 
Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the 
component which consists of nitride semi-conductors GnXAlYGalX-YN, 0 <=X, 0<=Y, 
X+Y<=1), such as LED (light emitting diode) and LD (laser diode). 
[0002] 

Description of the Prior Art] The light emitting diode of the blue which consists of a nitride 
semi conductor, and a bluish green color, and a laser diode are put in practical use in 
recent years, or practical use has become possible. Since the substrate which now carries 
out lattice matching to a nitride semi-conductor thoroughly is not yet developed, on the 
sapphire with which lattice constants differ, such a nitride semiconductor device grows up 
a nitride semi conductor compulsorily, and is formed. Therefore, into the crystal of the 
nitride semi conductor which grew on silicon on sapphire, very many crystal defects occur 
compared with the red laser component which grew on the substrate which carried out 
lattice matching. 
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[0003] By this invention person's etc. forming a gallium nitride substrate on a different 
different-species substrate from a nitride semi-conductor as the crystal growth approach of 
a nitride semi-conductor that a crystal defect can be reduced substantially, and forming 
component structure on the gallium nitride substrate the wavelength of about 400nm, the 
nitride semiconductor laser component which can attain continuous oscillation about 
10,000 hours by optical output 2nW are indicated (for example, "the actual condition of 
InGaN system multiplex quantum well structure semiconductor laser" --) The 58th Japan 
Society of Applied Physics scientific lecture meeting, lecture number 4aZOOctober, 1997 
[ 2 or ], "Present Status of InGaN/AlGaN based Laser Diodes", The Second 
InternationalConference on Nitride It is indicated in Semiconductors QCNS'97), lecture 
number S October, 1997 [ 1 or ], etc. . 

[0004] The above-mentioned crystal growth approach is a technique which forms [ by 
growing up thinly a gallium nitride layer with very many conventional crystal defects on 
silicon on sapphire, and forming selectively the protective coat which consists of Si02 on 
it ] a gallium nitride substrate with few crystal defects (10 micrometers of thickness) by 
using growth in the longitudinal direction of gallium nitride, and growing up a gallium 
nitride layer again by vapor growth, such as halide vapor growth (HVPE) from the 
protective coat, and metal- organic chemical vapor deposition (MOVPE). Generally from 
growing up a nitride semi-conductor into a longitudinal direction on a protective coat, this 
approach is called lateral overgrowth (lateral over growth-LOG). 

[0005] In the above-mentioned technique, although improvement in the engine 
performance of a component was found by using the gallium nitride substrate whose 
crystal defect decreased, since there is no cleavability very firmly, the sapphire used as the 
substrate of the above-mentioned nitride semiconductor device needs an advanced 
technique for chip-izing a wafer. Furthermore, since there is almost no cleavability in 
sapphire, in formation of a laser component, it is hard to make the cleavage plane of a 
nitride semi-conductor into a resonance side using the cleavability of a substrate, and 
formation of a resonance side takes time amount and time and effort. 
[0006] 

[Problem(s) to be Solved by the Invention] Then, by removing silicon on sapphire by polish, 
only the gallium nitride substrate was obtained and the laminating of the structure which 
serves as a component on this substrate was carried out. When carrying out cleavage of the 
nitride semiconductor device on this gallium nitride substrate, it was carrying out cleavage 
until now, having used the Mth page of gallium nitride as the cleavage plane. In the Mth 
page, it is the field of the square which is equivalent to the cleavage plane, when a nitride 
semi-conductor is approximated with hexagonal prism-like hexagonal system, and is 
[0007]. 
( 1 T 0 0 ) 

[0008] Qt is hereafter indicated as the Mth page.) Six kinds of field bearings, such as a field, 
can show. If cleavage is carried out by the Mth page of a nitride semi-conductor, the 
cleavage plane which includes the resonance side near a mirror plane with a very sufficient 
yield can be obtained. 
[0009] 

[Means for Solving the Problem] This invention is the field [0010] of gallium nitride, in 
case cleavage of the nitride semiconductor device on the gallium nitride substrate 
separated from silicon on sapphire is carried out. 
(112 0) 



[0011] 

(2110) 
[0012] 

(12 10) 
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[0013] 

( 1 1 2 0) 



[0014] 
(I 1 1 0) 

[0015] 

( 1 2 1 0 ) 

[0016] (-• the following (outside 8) thiu/or (outside 13) a field are the same •• since the Ath 
page is shown, it collects with the Ath page and indicates.) it considers as a cleavage 
plane, and cleavage is carried out and it is characterized by acquiring the resonance side 
near a mirror plane. 
[0017] 

[Embodiment of the Invention] Furthermore, it explains using drawing. Drawing 1 is unit 
cell drawing showing the crystal structure of a nitride semi-conductor typically. Although a 
nitride semi-conductor is rhombohedron structure, it can be approximated to accuracy with 
hexagonal system in this way. In GaN, there are the Mth page and the Ath page as a 
cleavage plane. If a nitride semi-conductor chip-izes the wafer by which the laminating 
was carried out using this cleavage plane, the resonance side near a mirror plane can be 
acquired. 

[0018] Drawing 2 and drawing 3 are drawings when cutting in respect of being vertical to 
the resonance direction of the nitride semiconductor laser which carried out the laminating 
on the gallium nitride substrate. As for drawing 2 , p electrode and n electrode are formed 
on the same side on field where drawing 3 is another. This cutting plane is formed using 
the cleavability of the Ath page of a nitride semi-conductor. In case that approach etches 
the p side layer front face and forms a ridge, it forms a ridge so that it may become the Mth 
page and parallel (vertical to the Ath page) of a nitride semi conductor, and it carries out 
cleavage vertically to this ridge. It means forming a resonance side using the cleavability of 
that, i.e., the Ath page. 
[0019] 

[Example] Although the example of this invention is shown below, this invention is not 
limited to this. 

[Example l] drawing 2 shows drawing at the time of cutting a component in a direction 
vertical to the resonance direction of a laser beam. Hereafter, an example 1 is explained 
based on this drawing. 

[0020] The GaN substrate 1 is obtained first. As a different-species substrate, silicon on 
sapphire is set in a MOVPE reaction container. The substrate layer which consists of 200A 
and undoping GaN the buffer layer which consists of GaN 4 micrometers Gayer for 
carrying out selective growth of the following nitride semi-conductor substrate to a 
substrate layer), It is the shape of a stripe (stripe width of face of 10 micrometers) about 
the 1st protective coat which consists of Si02 with a CVD system, stripe spacing (window 
part) of 2 micrometers - 1 micrometer and MOVPE *- the nitride semi-conductor substrate 
which consists of undoping GaN by law - 10 micrometers and HVPE - the laminating of 
the GaN substrate which consists of undoping GaN by law is carried out by 200 
micrometers and each thickness. 

[0021] Next, a stripe-like level difference is prepared in GaN which carried out the 
laminating as shown in drawing 2 by etching. Forming the 2nd protective coat 31 of Si02 
grade in all the top faces of this level difference, growth of the lengthwise direction to the 
top face of GaN at the time of carrying out the laminating of the GaN continuously is 
suppressed, and GaN begins growth of the longitudinal direction from the part which is not 
covered by the 2nd protective coat 31. Very little crystalline good GaN substrate 1 of a 
crystal defect can be obtained by suppressing growth of the lengthwise direction of GaN, 
making it grow up to be only a longitudinal direction, and making it grow up to be length 
and a longitudinal direction continuously. 
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[0022] Then, the wafer is ground for from a silicon-on- sapphire side to the 1st protective 
coat, and only the GaN substrate 1 is obtained. Next, the laminating of the nitride 
semi-conductor was carried out on the GaN substrate in the order of the n side buffer layer, 
a crack prevention layer, the n side cladding layer, the n side lightguide layer, a barrier 
layer, the p side cap layer, the p side lightguide layer, the p side cladding layer, and the p 
side contact layer. 

[0023] the p side contact layer and the p side cladding layer are etched, a ridge is formed so 
that it may become M side of GaN, and parallel (vertical to the Ath page), a ridge is etched 
into after a mask, a ridge, and parallel, and the front face of the n side buffer layer is 
exposed to the nitride semi-conductor which carried out the laminating on the GaN 
substrate as mentioned above. Moreover, n electrode is formed on the n side buffer layer 
which exposed p electrode on the formed ridge front face, finally n pad electrode is formed 
on p electrode through an insulator layer at p pad electrode and n electrode top between p 
electrode and n electrode, and a wafer is completed. 

[0024] In case this wafer is chip*ized, a resonance side is produced by carrying out cleavage 
(it being cleavage at right angles to a ridge) by the Ath page first. The dielectric multilayer 
which becomes both resonance sides or either from Si02 and Ti02 was formed, and finally, 
it is a direction parallel to a ridge, and the bar was cut and it considered as the laser chip. 
This laser component showed laser oscillation at the room temperature, room temperature 
continuous oscillation was shown in threshold-current consistency 1.5 kA/cm2, the life of 
1000 hours or more was shown in the output of 20m W, and the result equivalent to the 
time of forming a resonance side by the Mth page was obtained. 

[Example 2] drawing 3 is the typical sectional view showing the structure of the laser 
component concerning other examples of this invention, and shows drawing at the time of 
cutting a component in the direction [ same with drawing 2 ] vertical to the resonance 
direction of a laser beam. An example 2 is explained below based on this drawing. 
[0025] Silicon on sapphire is first set in a MOVPE reaction container as a different-species 
substrate. The substrate layer which consists of 200A and undoping GaN the buffer layer 
which consists of GaN 4 micrometers, It is the shape of a stripe (stripe width of face of 10 
micrometers) about the 1st protective coat which consists of Si02 with a CVD system, 
stripe spacing (window part) of 2 micrometers - 1 micrometer and MOVPE - the nitride 
semi-conductor substrate which consists of an Si dope GaN by law 10 micrometers The 
wafer is continuously carried out the laminating of the GaN substrate which consists of an 
Si dope GaN by 200 micrometers and each thickness and ground for from a 
silicon on- sapphire side to the 1st protective coat by the HVPE method, and only the GaN 
substrate 1 is obtained. 

[0026] Make the front face of the GaN substrate 1 after removing the 1st protective coat 
into the 1st principal plane and 2nd principal plane, and it is made to be the same as that 
of an example 1 except growing up the n side cap layer between the n side lightguide layer 
and a barrier layer on the 1st principal plane. A laminating is carried out in the order of 
the n side buffer layer, a crack prevention layer, the n side cladding layer, the n side 
lightguide layer, the n side cap layer, a barrier layer, the p side cap layer, the p side 
lightguide layer, the p side cladding layer, and the p side contact layer. 
[0027] The insulator layer, p electrode, and p pad electrode were formed in the ridge 
outermost surface after forming a ridge so that it might become the Mth page and parallel 
(vertical to the Ath page) of GaN. n electrode and the electrode for bondings are formed on 
the 2nd principal plane after p lateral electrode formation. In case this wafer is chipized, a 
resonance side is produced like an example 1 by carrying out cleavage (it being cleavage at 
right angles to a ridge) by the Ath page first. The dielectric multilayer which becomes both 
resonance sides or either from Si02 and Ti02 was formed, and finally, it is a direction 
parallel to p electrode, and the bar was cut and it considered as the laser chip. 
[0028] The room temperature showed continuous oscillation like [ this laser component ] 
the example 1, room temperature continuous oscillation was shown in threshold current 
consistency 1.5 kA/cm2, the life of 1000 hours or more was shown in the output of 20m W, 
and the result equivalent to the time of forming a resonance side by the Mth page was 
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obtained. 
[0029] 

[Effect of the Invention] As shown above, when this invention carried out cleavage of the 
nitride semiconductor device on the gallium nitride substrate separated from silicon on 
sapphire, it is that it newly carries out cleavage, using the Ath page of gallium nitride as a 
cleavage plane, and nitride semiconductor laser with the resonance side near a mirror 
plane became realizable. In addition, although this invention explained the gallium nitride 
substrate, after carrying out a laminating on silicon on sapphire or a spinel substrate and 
carrying out the laminating of the nitride semi-conductor, it is applicable also about the 
case where the silicon on sapphire and spinel substrate are ground thinly. 
[Brief Description of the Drawings] 

Drawing l\ It is unit cell drawing showing the crystal structure of a nitride 
semi conductor typically. 

Drawing 2] It is the outline sectional view showing the structure of the laser component 
concerning one example of this invention. 

Drawing 31 It is the outline sectional view showing the structure of the laser component 
concerning one example of this invention. 
[Brief Description of Notations] 
1 ... GaN substrate 

2 ... The n side buffer layer 

3 ... Crack prevention layer 

4 ... The n side cladding layer 

5 ... The n side lightguide layer 

6 ... The n side cap layer 
7 ... Barrier layer 

8 ... The p side cap layer 

9 ... The p side lightguide layer 

10 ... The p side contact layer 
20 ... p electrode 

21 ... p pad electrode 
22 ... n electrode 
30 ... Insulator layer 
31 ... The 2nd protective coat 
[Drawing 1] 
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[Drawing 2] 
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JPO and NCIP! are not responsible for any damages caused by the use of this translation. 
IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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